MODIFIED FREQUENCY COMPUTATION METHOD FOR OPTIMAL ENVIRONMENTAL FLOWS

Introduction
The environmental flows (EF) evolving from the concept of "minimum flows" describe the quantity, timing, and quality of water flows. Since 1990s, the EF have become a significant part in water resources and environmental fields. Many methods are used to prescribe EF [1] [2] [3] . Currently researches are focusing on four main parts: hydrological methods, hydraulic methods, habitat rating methods, and holistic methods [4] . Also there are many methods proposed and improved by China scholars, which are more suitable to concrete condition of China.
The frequency computation method, which can imitate nature process of river runoff, has been proposed to calculate the EF in Luanhe basin [5, 6] . However, in this method only seasonal variation was taken into consideration, interannual variation has been ignored.
Considering the diversity of the influencing factors and the variation of the interannual EF in Lancang river, a modified frequency computation method (MFCM) is presented in this paper. We use it to calculate the optimal EF in Lancang river.
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Modified frequency computation method
MFCM has taken interannual variation of EF into consideration firstly, which is an important influencing factor to river ecosystem. By resembling natural flow patterns, the monthly EF of rivers for different situations can be calculated. MFCM includes the following four steps.
Step 1: Dividing year's time into three levels (dry/normal/wet year). According to natural yearly runoff series, flow frequency curve has been drawn from large to small order. Considering interannual variation of EF, the curve divides year's time to three parts: wet year, normal year, and dry year. The frequency of the flows which is lower than 25% is classified to wet year, the frequency higher than 75% belongs to dry year, the other is normal year.
Step 2: Classifying three levels year's time respectively as three parts (dry/normal/wet season).
The calculation of EF should take seasonal variation into consideration for different level years. Based upon the historical annual hydrographic data, the average monthly environmental flows for the station can be obtained. Then one-year time can be divided to three levels: wet season, normal season and dry season.
Step 3: Making sure the guarantee rates of the different seasons.
In view of the distribution law of runoff, different guarantee rates are taken to calculate the environmental flows. For example, the guarantee rates are 80% for dry season, 75% for normal season, and 50% for wet season respectively.
Step 4: Calculating the monthly environmental flows. According to the guarantee rates of the different seasons, calculated runoffs are considered as the monthly environmental flows.
Application and results
The method described in this paper is applied to a reach of Lancang river which has been influenced strongly by social and economic development. Lancang river, originating in Qinghai province of China, is located in southwest China, between 21°36 '-33°50'N and 93°-102°E. The length of the river is 2161 km (including Sino-Burma frontier section 31 km), and the total basin area is 16.74·10 4 km 2 . As an important international river connecting China with Southeast Asia, Lancang river has a high value for balancing the ecosystem. The huge hydropower resources and rich biodiversity resources also attract lots of attention. Since the mid 1980s, the construction of Man-wan Dam started, the engineering for hydropower development in Lancang river basin has been in steady progress.
The paper chooses three stations as control sections: Jiuzhou station, Jiajiu station and Yunjinghong station, and the locations are in upper, middle and lower reaches, respectively. The runoff data from 1956 to 1985 in three stations above are used to study the monthly EF.
The pre-dam annual runoff data from 1956 to 1985 for three stations are divided into three level years (dry/normal/wet year) based on step 1 of MFCM.
According to step 2 of MFCM, one-year time was divided into three parts: dry season, normal season, and wet season. Based on thirty years average monthly runoff data, the classification of three stations is shown in tab. 1.
By step 3 and step 4, the guarantee rates are taken with three various seasons, respectively, 80% is for dry season, 75% is for normal season, and 50% is for wet season. By calculating monthly runoff with relevant guarantee rate, combination of outcome is the monthly EF for different level years. The results are shown in fig. 1 and  tabs. 2, 3, and 4 . Based on three level years, we also calculated the monthly EF by the ecological flow method (EFM) [4] , which are expressed in tabs. 2, 3, and 4. Compared with the calculation of EFM, it is clear that the monthly EF of MFCM is universal higher, especially in wet season. For the brood period of aquatic organism is mainly in wet season, the EF calculated by MFCM is more rational. Also in dry and normal year, MFCM offers more EF, which is more benefit to sustain the river ecosystem. Relative errors [3] of EFM and MFCM compared with Tennant method [7, 8] for the EF are shown in tab. 5.
From tab. 5, we can see that relative errors of MFCM are smaller than that of EFM compared with Tennant method for the EF. Adopting Tennant method to assess the monthly EF calculated by EFM and MFCM, the result shows that both of methods can meet the basic demand of river ecosystem. But EFM only offers the minimum EF to guarantee the development of ecosystem without irreversible damage. The effects of MFCM on keeping the balance of the aquatic ecosystem are better from the viewpoint of relative errors.
Conclusions
MFCM is presented in this paper, in which the interannual variation of EF has been firstly taken into consideration. The application results indicate that the relative errors of MFCM are smaller than that of EFM compared with Tennant method for the EF. The result reveals that the EF designed by MFCM is more optimal. This method can be used to make sure the optimal EF in different restoration objective for Lancang river. This paper will provide a guide for the optimal EF calculation in complex river systems. 
